Calculation efficiencies for mean numerosity by Solomon, J. A. & Morgan, M. J.
              
City, University of London Institutional Repository
Citation: Solomon, J. A. & Morgan, M. J. (2018). Calculation efficiencies for mean 
numerosity. Psychological Science, 
This is the accepted version of the paper. 
This version of the publication may differ from the final published 
version. 
Permanent repository link:  http://openaccess.city.ac.uk/19808/
Link to published version: 
Copyright and reuse: City Research Online aims to make research 
outputs of City, University of London available to a wider audience. 
Copyright and Moral Rights remain with the author(s) and/or copyright 
holders. URLs from City Research Online may be freely distributed and 
linked to.























































































































































































































































N1 = 4, N2 = 4
N1 = 4, N2 = 8
N1 = 8, N2 = 4




































































') ■ N1 = 4, N2 = 4, p1+p2 < 1● N1 = 4, N2 = 4, p1+p2 = 1
▲ N1 = 4, N2 = 4, p1+p2 > 1
■ N1 = 4, N2 = 8, p1+p2 < 1
● N1 = 4, N2 = 8, p1+p2 = 1
▲ N1 = 4, N2 = 8, p1+p2 > 1
■ N1 = 8, N2 = 4, p1+p2 < 1
● N1 = 8, N2 = 4, p1+p2 = 1
▲ N1 = 8, N2 = 4, p1+p2 > 1
■ N1 = 8, N2 = 8, p1+p2 < 1
● N1 = 8, N2 = 8, p1+p2 = 1














































') ■ N1 = 4, N2 = 4, p1+p2 < 1● N1 = 4, N2 = 4, p1+p2 = 1
▲ N1 = 4, N2 = 4, p1+p2 > 1
■ N1 = 4, N2 = 8, p1+p2 < 1
● N1 = 4, N2 = 8, p1+p2 = 1
▲ N1 = 4, N2 = 8, p1+p2 > 1
■ N1 = 8, N2 = 4, p1+p2 < 1
● N1 = 8, N2 = 4, p1+p2 = 1
▲ N1 = 8, N2 = 4, p1+p2 > 1
■ N1 = 8, N2 = 8, p1+p2 < 1
● N1 = 8, N2 = 8, p1+p2 = 1


















































') ■ N1 = 4, N2 = 4, p1+p2 < 1● N1 = 4, N2 = 4, p1+p2 = 1
▲ N1 = 4, N2 = 4, p1+p2 > 1
■ N1 = 4, N2 = 8, p1+p2 < 1
● N1 = 4, N2 = 8, p1+p2 = 1
▲ N1 = 4, N2 = 8, p1+p2 > 1
■ N1 = 8, N2 = 4, p1+p2 < 1
● N1 = 8, N2 = 4, p1+p2 = 1
▲ N1 = 8, N2 = 4, p1+p2 > 1
■ N1 = 8, N2 = 8, p1+p2 < 1
● N1 = 8, N2 = 8, p1+p2 = 1












































































































































N1 = 4, N2 = 4
N1 = 4, N2 = 8
N1 = 8, N2 = 4
N1 = 8, N2 = 8
JAS,	M	=	3 MJM,	M	=	4 
SM,	M	=	5 
different	from	the	values	reported	in	previous	studies	of	numerosity	discrimination	(e.g.	
Ross,	2003;	Anobile,	Cicchini,	&	Burr,	2014;	Morgan,	et	al.,	2014).	We	conclude	that	number	
can	be	averaged,	just	like	size,	orientation,	and	the	spacing	between	texture	elements.		As	in	
previously	described	cases	of	averaging,	our	observers	perform	this	task	with	inefficiency.	
Their	effective	sample	sizes	(between	3	and	5)	are	significantly	less	than	that	(8)	of	the	ideal	
observer.		
	
The	number	of	items	per	sector	can	be	considered	local	density.	Thus,	it	would	be	fair	to	
describe	our	observers’	task	as	one	of	local-density	discrimination.	Consequently,	our	data	
suggest	that	the	JNWF	for	local	density	is	around	11–13%,	regardless	how	many	sectors	are	
presented.	Thus,	it	is	the	expected	number	of	dots	per	sector	that	matters	in	our	task;	not	
the	total	number	of	dots.	
	
Our	findings	add	to	the	growing	collection	of	evidence	(e.g.	Solomon,	May,	&	Tyler,	2016)	
for	a	low	limit	on	effective	set	sizes	for	summary	statistics.	However,	it	should	be	noted	that	
our	results	do	not	imply	that	attention	can	be	split	amongst	sectors.	As	suggested	by	
Myczek	and	Simons’s	(2008)	work,	attention	could	have	been	deployed	to	each	of	3–5	
sectors	sequentially.	In	fact,	using	an	orientation-averaging	task,	Solomon,	et	al.	found	that	
effective	set	sizes	increased	with	display	duration.	However,	they	also	found	that	some	
observers’	effective	set	sizes	exceeded	1	even	when	display	durations	were	sufficiently	brief	
to	make	some	of	the	stimuli	effectively	invisible.	Exposures	in	our	numerosity	experiment	
were	much	longer	than	this,	putatively	providing	enough	time	for	several	shifts	of	attention.	
	
In	general,	our	task	is	not	equivalent	to	standard	numerosity	discrimination,	because	the	
observers	have	to	take	into	account	the	number	of	occupied	sectors	in	making	their	
decision.	Specifically,	in	cases	where	N1	≠	N2	our	observers	were	effectively	forced	to	
integrate	information	over	a	number	(M	in	our	subsampling	model)	of	spatially	distinct	
regions,	and	then	divide	by	that	same	number.	However,	it	is	possible	that	observers	use	
the	same	strategy	for	dot	counting,	both	in	standard	numerosity	discrimination	and	in	our	
conditions	where	N1	=	N2.	The	relative	complexity	of	this	operation	may	explain	reports	that	
skill	in	numerosity	discrimination	correlates	with	general	mathematical	ability	(Halberda,	
Mazzocco,	&	Feigenson,	2008).	
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